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Abstract 

In the given work we study an interaction of second massive state of an open boson 
string with the constant electromagnetic field. This state contains massive fields with 
spins 3 and 1. Using the method of an open string BRST quantization, we receive 
gauge-invariant lagrangian, describing the electromagnetic interaction of these fields. 
From the explicit view of transformations and lagrangian it follows that the presence 
of external constant e/m field leads to the mixing of the given level states. Most likely 
that the presence of the external field will lead to the mixing of the states at other 
mass string levels as well. 
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1 Introduction. 



The problem of building the consistent interaction for high spin fields has already sufficiently 
great history 0, ^. However, and at present this problem is still far away from its 
completion. 

The lagrangian description of free massive high spin fields was received by Singh and 
Hagen |Q in the 70's. Later it was realized ^ that for the covariant description of massless 
fields, they must necessarily be gauge fields. For such fields it was offered to enter an 
interaction as continuous deformation of the gauge algebra and lagrangian [0. Such entering 
of the interaction is consistent since a continuous deformation of the gauge algebra preserves 
a type of the equations defining mass shell. At the same time it has been realized |Q that for 
massless fields of spins s > 3/2 in an asymptotically fiat space-time it is impossible to build a 
consistent "minimal" interaction with an Abelian vector field. The same is valid and for the 
gravity interaction of fields with spins s > 2. It is possible to motivate the given statement 
as follows 1^: A free gauge- invariant lagrangian in the fiat space has a structure Cq = d^d^ 
with transformations 5$ = dC,- The Entering of the interaction means a replacement of the 
usual derivative by a covariant one d ^ V. In this, the gauge invariance fails, and a residual 
of type [D, V] = TZV^^ appears, where 7^ is a tensor of the tension of electromagnetic or 
gravity field. In the case of the electromagnetic interaction for the fields with spins s > 3/2, 
one cannot cancel the residual with any changes of the lagrangian and the transformations 
in the linear approximation. Therefore, in this case such approximation is absent, but since 
any linear approximation is independent of the presence in the system of any other fields, 
this means that a whole theory of interaction does not exist either. In the case of the gravity 
field a residual for the field spin 3/2 is proportional to the gravity equations of motion: 
SCq ~ i{%l)^'-)^vi){R^y — ^g^i^R). One can eliminate such residual by modifying the lagrangian 
and the transformations. As a result, the theory of supergravity has appeared. For fields 
with spins s > 2 the residual contains terms proportional to Riemann tensor R^yap- It 
is impossible to cancel such type terms in an asymptotically fiat space. Hence, gravity 
interactions do not exist for any massless fields with spin s > 3/2. 

It is possible to overcome similar difficulties in several ways. In the case of the gravity 
interaction, one can consider fields in a constant curvature space. Then the lagrangian 
of gravity would have an additional term AC = y^— detjj^^^A, where A is a cosmological 
constant. A modification of the lagrangian and the transformations lead to a mixing of 
orders with the different derivative numbers. This allows one to eliminate a residual with 
terms proportional to R^uap- A complete theory will be represented as a series with respect 
to inverse degrees of A [|], |T0|- This means non-analyticity of the theory with respect to A 
at zero, i.e. the impossibility of a smooth transition to the fiat space. Such a theory was 
considered in papers [|, 0, IT]]] . 

It is also possible to avoid these difficulties if one considers massive high spin fields 
||12|| . But situation with the consistent interaction of massive fields is significantly more 
complicated. The classical description is not gauge invariant. The Entering of a "minimal" 
interactions lead to a change of the physical degree number of freedom. This problem can 
be solved by entering non-minimal terms in the interactions but, in a general case, it results 
in the loss of causality. If we have not a gauge invariance, then the universal principle that 
allows one to get the consistent interaction of massive high spin fields is absent. 
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Early in the 80 's the gauge invariant description of massive fields with arbitrary spins |T3 



was offered. In this case one can consider a consistent interaction as continuous deformation 
of the gauge algebra similar to a massless case. 

In a natural way, a gauge description of massive high spin fields appears in the frame of 
free string BRST quantization^ p!6| , p!7| . At present this is practically the unique consistent 
theory describing an interaction of high spin fields. However, in a general case, it is rather 
difficult to get any particular information on separate spins from the theory of interacting 
strings. But in some simple cases, such as a constant electromagnetic field, it is possible. In 



Iq , |T9[ the authors generalized [0, [T^ for the case of propagation of an open boson string 



in a homogeneous external e/m field and obtained lagrangians which describe the consistent 
interaction of massive fields of spins 2 and 1 with the constant electromagnetic fields. 

Here we study an interaction of the second massive state of open boson string with the 
constant electromagnetic field. This state contains massive fields with spins 3 and 1. Using 
the BRST quantization method of the open string, we get a gauge invariant lagrangian 
describing the electromagnetic interaction of these fields. The action for gauge massive high 
spin fields available from BRST formulation of free string |TB| is not canonical since a kinetic 
part contains cross terms. By means of redefinitions of the fields, one can diagonalizate 
the action and consider each state independently. In the presence of the external field, it 
is already impossible to consider the states independently. From the explicit form of the 
transformations and the lagrangian for the second mass level, it follows that the presence of 
the constant e/m field leads to a mixing of the states at the given level. Most likely that the 
presence of the external field will lead to a mixing of the states at other mass levels of the 
string as well. 



2 Electromagnetic interaction of high spin fields in con- 
text boson string. 

Let us consider the action describing a propagation of the open boson string with charges on 
the ends in a homogeneous electromagnetic field in Minkowski space NId in the conformal 



gauge 20, 21, 18, 19 



1 ^ 1 
S = — JdrJcla^X^X'^ - X'^X'^) - - jdrdaT^.X^X^ {q^5{a) + qj{ 



a-n)), (1) 



where the point and the prime denote a derivative with respect to the world sheet coordinates 
of the string r and a, respectively. For the tension coefficient the agreement a' = | is 
accepted. 

Equations of motion received from action (|I]) can be exactly solved |2T 



which allows 

one to canonically quantize the theory. Commutational relations for modes have following 
form: 



(2) 



^One can also receive a gauge description of free massive fields of arbitrary spins using dimensioned 
reductions ITsIl • 
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with the usual hermitian conjugation a'^ = a'^n- Above we used the following notations 

F'"' = — (arctanh(7rgoJ^) +arctanh(7rg^J^))^^ (3) 



Thus, the presence of the constant electromagnetic field leads to the deformation of the 
infinite Heisenberg algebra. 

The Fok space, on which the representation of algebra is realized, is built in the same 
manner as in the absence of the external field. The vacuum vector is defined by the relations 

a;^|0)=0, Vn<0, 

and any vector of the Fok space has the form 

k {m} 

The coefficient functions ^^f^^^"^^''\x) are tensor fields on the space M^j. 

The theory with action (|l]), as in the case with the free string, contains constraints 
expressed in terms of Virasoro operators at the quantum level. In spite of the presence of 
the external field, the Virasoro operators corresponding to action (|l|) have the usual form 

1 } 2 1 

Lm = ^j e-^™-^ (X + X') dcx=-J2 -(^m-p -ap-.. (4) 



They form the same algebra but with other central charge [21 



[L^, Ln] = (m - n)Lra+n + |^(m^ - m) - ^^^^u^ ^m+n 

These relations can be reduced to the same form as for the free string. For that it is necessary 
to redefine the operator Lq including into its definition the term — ^^F^^^. This lead only to 
the redefining of a normal ordering constant^. 

A subspace of physical states is defined by means of the following conditions: 

L„|^)=0, Vr2>0. (5) 

For the free string, a representation of the zero mode is, as usual, chosen in the form 
of the momentum operator = = id^ acting on the space of functions C°°(M£)). In 
such representation, one can get from (|^) the differential equations for coefficient function 
of the physical states. As is well known that the conditions @ contain the equations for the 
massive states with an arbitrary integer spin. 

Let us consider the commutation relations for the zero modes in the presence of the 
external electromagnetic field 

K,<] = F'^^ 

^Which we will include into the defenition of Lq as well. 
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In the constant field the particular view of F^^^ (|^) does not matter^, therefore, we "will 
forget" about the origin of algebra (§) and interpret the antisymmetric tensor F^" as a tension 
of the electromagnetic field. We consider that the coupling constant and the imaginary unity 
are included in the definition of the tension tensor. Then Oq can be interpreted as a covariant 
momentum operator 

< = = iV^, 

where is f/(l)em covariant derivative. Under such interpretation, conditions define 
the equations of motion for the physical states with arbitrary spins in the constant electro- 
magnetic field. But it is necessary to notice that the obtaining of a lagrangian formulation, 
which can give all these equations in such form, is sufficiently difficult. 

In [T^, gauge invariant equations for the free string states coming from the requirement 



of BRST invariance was proposed. In |T8| the author showed that in the case of homogeneous 
electromagnetic field, the BRST charge is built in the same manner as in the case of the free 
string. 

Let us increase the above considered Fok space by entering an infinite set of "ghost" and 
"antighost" operators Cn and 6„ with anticommutation relations 

and with the usual hermitian conjugation = c_„, b}^ = b^n- A "ghost" vacuum is defined 
as follows 

Cn\0)gh = 0, Vn > 1, 
bn\0)gh = 0, Vn > -2. 

A complete vacuum is defined as a tensor product of the two vacuum vectors 

\0) = \0)x^\0)gh, 

where |0)x is the boson vacuum vector defined by conditions (^. The complete vacuum is 
sl{2,R) invariant. 

In the theory of the free string BRST quantizing the states are classified by means of the 
"level" operator 

oo 

Af =Y1 i^-p ■ + PC-pbp) 
p=i 



and the operator of a "ghost" number [22, 23 



-j^ oo 

Afgh = -[co, bo] + {c-pbp - b.pCp) . 

^ p=l 

Physical states are eigenvectors of these operators. The vacuum is the physical state with 
"ghost" number —3/2. In the theory with an external field we shall use the same states 
as in the free theory, but the states will not be eigenvectors of the operators Af and J\fgh 

■^It is possible to take F'^''' as an arbitrary uneven function of a constant antisymmetric matrix. 
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already because of the presence in the commutation relations of the tension tensor of the 
electromagnetic field. 

For the feature of the physical states in the presence of the external field we shall use the 
same terms as for the free string. We shall assume that its is defined in the limit F^^ 0. 

Both for the free string and for the one in a constant Abelian field, the BRST operator 
is defined as 

CO , 1 . 

Qbrst = Y.-- [Li + ^Lfjc-p-., (6) 

where operators are defined by expression = I]p("^ — p)bp+mC-p and the normal 

ordering constant is included into the definition of Lq. As for the free string, this Hermitian 
operator is nilpotent in the space with dimensionality 26. Equations (|^) are equivalent to 
the requirement of the BRST invariance for physical states 

Qbrst\'^)=0. (7) 

The physical states and l"^) +Qbb.st\-^) are equivalent as a consequence of the nilpotency 
of the BRST operator. Here the "ghost" number of the vector |A) is on the unity less than 
the number of This means that equations (0) are gauge invariant. 
Equations (|^) can be derived from the lagrangian 

(^IQbkstI^), (8) 

where = (0| = |0)^ and an uncertainty in the determination of the vacuum average 
is fixed by taking the agreement 

(0|c_iCoCi|0) = 1. 

Obviously, that this lagrangian is invariant under the gauge transformations 

6\^)=Qbrst\A). (9) 

Thus, the BRST formulation of the open boson string allows one to obtain the gauge 
invariant lagrangians describing the massive fields with arbitrary integer spins. 

3 The second massive string state. 

In the authors studied the first massive state of the open boson string and using the above 
method, they proposed the following lagrangian describing a propagation of the massive spin 
2 field in a constant electromagnetic field 

C = - ^^(VHiV + 2)4> - ^BH2 ■ (VHiV + 2)B - BH2FB 

HjiHi ■ {VHiV + 2)h\ + 4tr \HihHiFh\ (10) 



tr 



i {2rHih + H2B - Vcf>) ■ Hi ■ {2VHih + H2B - V(p) 

1 
4 



- - (tr [HihHi] + VH2B - 30) (tr [HihHi] + VH2B - 30 
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which is invariant with respect to the gauge transformations 







5B, = -V,e + 2{H,-e)^, (11) 
6(f) = 2(V-Hi- - 3^° 



Here, the bar means the complex conjugation, h^j^^ is a symmetrical tensor. We used the 
matrix notations as well (VHiV) = (VHih)^ = VaHi^hp^ and etc. 

In fl^ it has been also proved that the propagation of the massive spin 2 field in the 
constant field described by lagrangian (p!OD is causal. This allows us to hope that (|[) gives 
consistent description of the interaction with the homogeneous electromagnetic field for the 
massive ones of arbitrary integer spins. 

The second massive state of the open boson string contains the massive fields with spins 
1 and 3. This means that the average (|) of the BRST operator with respect to the present 
state gives us a gauge invariant lagrangian describing the interaction of these fields with the 
constant electromagnetic field. 

The second massive string level state is defined by the conditions 

^1^,3)^0 21^,3), A4,|^,3) = |^,3) 

and has the following form 

1$, 3) = {^^^aa'^ia'^^a^iCi + {h^^ + A^^) at^a^iCi + B^a't^Ci 

+ A^a^iC_i + (pc-2 + (t6_2Cic_i + ujfj,^a'^ia''_^co + 9^a^2CQ 

+ ^^a^i6_2CoCi + 76_3CoCi}|0). (12) 

Here A^j_i, is an antisymmetric and h^jj,uj^j_i, are symmetrical tensor fields. 
The gauge transformation for this states in terms of the BRST operator is 

5|$,3) = gBij5T|A,3), 

where 

|A,3) = {A^j.a'iia'^i + a;^a^2 + -^M^-i^-2Ci + ?76_3Ci + t;6_2Co}|0). 

Here A^;^ is an arbitrary symmetrical tensor. Hereafter we shall not distinguish the upper 
and lower indexes. 

In terms of the coefficient functions, the gauge transformations take the following form 
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Sba = iVaf] + H2apXp + -f^la/jA/j, (13) 
5Aa = i2Hip^VpA^a + H2a/3Xf3 + 3Aq,, 

6a = -iHia/sVaXf) + 2v - Ar], 

1 2 1 

^^af3 = —-jHi^sT^^S^aP + 2ifi(Q,|^A^|/3) + -ga/3V, 

69a = -^Hi/SyVl^Xa+iVaV + H2al3Xl3, (14) 

^Xa = ^Hip^V'^p^^Xa + iVo,V — H2al3Xi3, 

The fields Ua/B, 9a,Xa,'y are auxiliary since they are coefficient functions at the combinations 
of operators containing cq but the BRST operator has the structure 

Qbrst = -^^^co + 

where the dots are marked terms which do not exceed the first order for the derivatives. 
Therefore, the auxiliary fields have an algebraic equations on mass surfaces. Having solved 
this equation, one can to exclude all the auxiliary fields from our consideration. However, it 
is the auxiliary fields that allow one to write down a lagrangian for the second massive state 
in the most compact form. 

From the transformations (0) it is not difficult to see that the scalar parameter v appears 
only as a translation. This means that we can discard one scalar field, for instance a, using 
this parameter. Herewith the gauge transformations are changed only for field (f 

6new^ = iH2apDaXl3 + 2iHiapDa\p + HiapHip^Aa^i + 13r7 

and for the auxiliary fields. 

After excluding the field a, the gauge lagrangian of the second massive state will take 
the form 

C = ($,3|gBRST|$,3) 

= 'iHia^HifSiyHi^pHisx'Ds^alSjT^X^t^up (15) 
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— hal3H2i3'yh-ysFsfj,Hifj,a + ■^H2a5Hii3fj_Hi^,yT>jAaf3V,yhsfj, 

— 2ha(}H2l3'yHi^s^5^iHi^a — H2al3hi3^Hi^sT^ sO 
+ Hiaf3hf^^H2js1^5^ai + ^a/3-f^l/37-f^27a7 

— {-HiasHi^i^H2i3fiT>^Aai3T>i,hs^ + AapH2l3^fH2-y5hs^Hl^OL 

— AapH2p.^h^sFs^Hi^ct + -^Hi^iyH2afiHij3s'D^Aa[3'DiyAsfj, 
+ Aai3H2i3jH2^sAsfj,Hifj^a " ^«/3-f^2/37^7(5-^(5^t-f^l/ia 

— 2Aai3H2i3.yHi^s^5fiHi^a + H2af^A(^^Hi^s'^s(^a'>' 
+ Hia/3Ap^H2-ys'Ds^ai} + ^a/3-f^l/37-f^27a7 



1 
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- ip{Hiaf3l^a^pi + 47} - {QHiapUp^Hi^sHi^,^V^^as^i 

+ '^^apHip^H2^5 {h&fj. + ^5^) ifi^a — 2HiapU) p^Hi^^VsAal 

— 4:^^apHi/s^LJ^sHiSa} — Hia/3 {VaA^p + H2^s9si 
+ GaH2al3Hii3.yA^ — aH2al3H^p^b^ + 26aH2af^6f^ 

~ -Hi0sHia^Vj3AaT>sA^f — AaHiapH2p^A^ 

+ '^Hiais'DaUJf^^Hi^sAsi + AaHiai3H2i3jOj — 3Aa-ffla/3^/3 

+ 'jiH-iapVabpi + H2af3 {hp^ + A^^,) i^l^a - + 67}. 

Varying this lagrangian with respect to auxihary fields, it is not difficult to make sure that 
the equations of motion for them are really algebraic. Using this equations, one can exclude 
the auxiliary fields from the lagrangian ([T3|). We have placed the obtained lagrangian 
into Appendix because it is rather long. It is necessary to note that the received result is 
complete with respect to the tension of the electromagnetic field. 



The lagrangian (p3D for the interacting fields of spins 3 and 1 is non-canonical, since 



the free part of the lagrangian contains the cross kinetic terms. To diagonahze them, it is 
necessary to do the following replacement of the variables 

haP ha/3 — '^dalS'^, 

7^ilSAa + 3ba)+3^af3f3, (16) 
zUo 

ba ^ TT: — Aa) , 

lb 

After such changing, the fields ^ais-y, hap, ba, f will describe the pure massive spin 3 (see, for 
instance, [jl2|, |l6l). The gauge transformations for these fields will acquire the form 

~ t ~ i 

6^af3^ = ZP(aA/37) + —g(aP\F^u1^^A^\^) - -^^Q {a/S F^) ^l (3£t + ISfj) 



+ 52 



43 1 



+IF,,VX - 2F^uF.,A^, + ^Fl (3n + 1377)) (17) 

~ z 

5ba = iVaU + 2AXa - 2iF^,yVf,A^a + —Fa^V^ (3m + 13f]) 

/Uo 



6 

^ -F^^ (3m + 13r/) . 
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The gauge parameters are redefined as follows: 



Aa/3 


A 1 A 


Xa 




u 


= Kaa + 13r7, 


Xa 


Aq, 


V 





In turn, the fields Aaf3, A^ will relate to the massive spin 1 with the gauge transformations 

SAafS = iV[aXf3] + 2F[a\yAjlis], 

SAa = zVafi + 8Xa-2iFp^VpA^a + 7^FapVp{3x + 13f}) 



—Fap {7xf3 - X/ 



10 



Under such substitution lagrangian ( ]23|) increases approximately three times. For this reason 
we do not display it here. 

From transformations (|1^) and ( ]T8| ) it is clear that in the presence of the constant elec- 
tromagnetic field a mixing of the states with spins 3 and 1 occurs, i.e. in the presence of 
the interaction we cannot any longer consider these states independently from each other. It 
would appear reasonable that the presence of the constant Abelian field leads to the mixing 
of the states for any other higher mass level of the open boson string as well. 

At the end of this section we notice that the massive spin 1 state appears at the second 
massive string level in the non-standard form (see also The free lagrangian correspond- 

ing to a noncharged massive spin 1 can be reduced to the form 

1 1 777 T?7 ^ 

Cs=i = Y^^a/3,H"^" - ^n^pH'^^ + jH^pA'^f' - -^A^pA-P (19) 

by a change of field normalizations. Here TiaP'y = daAp^+dpA^a+d^Aap, Tiap = daAp—dpAa 
and the dependency on the dimensional parameter was restored as well. This lagrangian is 
invariant under the gauge transformations 

^A^p = d[a\0\ 
5Aa = daT] + Xa- 

The field Aa is the Goldstone one for the antisymmetric tensor. Herewith the gauge algebra is 
reducible as in the case with the vector-tensor models with the topological coupling P^ , 
However, unlike the last mentioned, it is obvious that the form of the lagrangian (|19D does 
not depend on the dimensionality of the space-time. 



4 About high spin interactions in non-critical dimen- 
sionahty. 

Lagrangians (p!OD and (p3D obtained in the context of boson string are gauge invariant in the 
space-time of critical dimensionality 26 only. However, this does not mean that high spin 



interaction is consistent for the critical dimensionality only. So, for instance, in []T2| using the 
Noether procedure a complete gauge invariant lagrangian describing interaction of massive 
spin 2 field with the constant electromagnetic field in the space-time of any dimensionality 
was derived. Similarly, one can consider the massive spin 3 field as well. Besides, it is 
possible to get an interaction of the high spin fields with the constant field in a non-critical 



dimensionality from the BRST quantization of "massive" strings [^, |27|. 

The transition from the usual boson string to the "massive" one is realized by the fol- 
lowing modification of action (|l|) (refer to |27]) 

Here f3 is an arbitrary non-negative parameter. 

Under quantization, such modification leads to the expansion of the Fok space of the 
usual string by adding a infinite set of the scalar operators 6^ with commutation relations 



m6< 



(20) 
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and to the change of the definition for the Virasoro operators 



= ^ H • "-m+P ■ a-P : +^ H • bm+pb-p : +2^imh^ + 2/35^. (21) 

We are always able to include the last term to the definition of Lq. Besides, a new constraint 
on the physical states appears 

(6o-g)|^) = o, 

where q is an arbitrary real parameter. This requirement leads to a shift of the theory 
spectrum. To see it we write down the condition Lq\^!) in the absence of the external field 

11°° 1 \ 

- 2^' + 2 ^""-^ ■ + + 2^°' - 1 1 1^) = 0, 

i.e. the mass of any string level gets difference q^. Hence it is clear that if > 2 the tahyons 
will be absent in the spectrum. 

Operators (|2TD satisfy the Virasoro algebra with the other central charge 

[L„, Ln] = (m - n)Lm+n + ~ m)5rr,+n- (22) 

From these relations and the requirement of the nilpotency of the BRST operator (|^) we 
have 

^ 48 

This means that we can construct the gauge invariant lagrangian (^ in the space-time with 
dimensionality D < 25 for any level. This statement is valid both for the free string and for 
the string in the constant electromagnetic field. Thereby, we can describe the interaction of 
high spin fields with the constant electromagnetic field in the space-time with the non-critical 
dimensionality. A " charge" for such possibility will be an increase of a state number at each 
string levelQ. 



5 Conclusion. 

In the given work we have considered the electromagnetic interaction of the second massive 
state of the open boson string. According to the general theory this state contains the 
massive fields with the spins 3 1. Using the BRST quantization method for the open string 
we get the gauge invariant lagrangian describing the interaction of these fields with the 
constant electromagnetic field. From the explicit form of transformations and lagrangian it 
follows that the presence of the external constant e/m field lead to the state mixing at the 
given level. Most likely, the presence of the external field will lead to a mixing of states at 
other mass string levels as well. However, it is not clear if the states of each particular level 
will mixed all together or some clusterization of states will occur. This question requires a 
separate study. 

The author thanks Yu. M. Zinoviev for the useful discussion and the help in work. 
"'The state number will be the same as in the case of the dimensional reduction D ^ D — 1. 
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Here we display the complete non-diagonal lagrangian describing a propagation of the fields 
with spins 3 and 1 in the homogeneous electromagnetic field without the auxiliary fields 



1 



+ -^HipyH2S^H2a't'L)1^hapA^y + -^HipyH25pH2a'^T>1^hctpAfj,^ 
+ -^Hip^H2apHiSyT>1^hctj3A^y — -^H2apHif3yHi^sT^1'yhapA^y 
~ 'KHipyS2apHi^fS^1^hapA^y + -H2apHip^HiSuVl^hapAfj^y 
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1---2-1 2 

+ -^H2aij.Hii3-yHiSuT>g^Aaf3Aij,i, — -H2a'yHifisD p^ifA^s 



1- - ^2 . 1 



H2a-iHij3i'D p^LpA^S — -HijsHiaisT^fjAa'DsA^ 



+ Hia-yV AaA^ + -HipsHsa-yT^pbaT^sb-Y — -HzasH^p-y'D pba'Dsh-y 

1 2-3---- -. 

+ -^HiapT) p^(p(p — -H2a'yHii3sHiij,„Hi^p'DjhaP^Sup'i 

3 - - - 

+ -^H2a-^HipsHi^yHi^p'D^hal3^Supi + ^Hipp_Hi^yH2a5HiSpT>^hal3^ ^upi 

3 

— ^HiSpHi^j,Hii3nH2as'^'yhai3^fj,upi + ^-f^2a7-f^l/35-f^l;ii/-ffl/ip^^7^a/3^(5;/p^ 

3 

— -^H2a-yHipsHipiyHippV^Aai3^Sup'i + '^HifipHi^yH2asHupV^Aaf3^ pypi 

3__ 

— 3HiSpHi^i,Hij3ij,H2asT^'yAaf3^nupi — -^HiapHi^nHijs'Da'p^/SSp.i 

3 - - - - 1 

+ -^Hiy^Hi^sHiapT^a'^^pSpi + -^Hi^ij_H2(}sH^a'y'D pbahsp^i 

— ■^Hi^i^H3a'yH2/35T>i3bahsf^i + -Hii3^^H2^5H^a'yT^ isbohspi 

— -j^Hi0pH2^sHza'yT^I3bah5ij.i + g-f^l7/i-f^275-f^3a/3^^/3^a/i5M^ 

1 - - - - 3 

— ■^Hi^nH2-ysH^a(iT^I3bahsix'i — ^-f^la5-f^2^7^'/3^a^75^ 

3 - - - 1 

+ -^Hia5H2i3'y'Di3Aahjsi — -^Hii}-^Hia.ijiH2-^sT^ pAahspi 

+ -HiafiH2^sHii3^Vi3Aahspi — Hii3pH2^sHia-y'Di3Aahsp,i 

+ Hipp_H2^sHia'y'DpAahsij.i + -^Hi^p_H2psH3a'rT^l3baAsiJ.'i' 

— ■^Hi^p^H^a'yH2fi5D fjhaA^pi + -HippH2-ysH^a'yT^ (jba^Sp.'i' 

— ■^Hipp_H2^5H3ayT^l3ba^5iJ.'i + g -f^l7;i-f^275-f^3a/3^/3^a^(5/i^ 

1 - - - - 3 

— -^Hi^^H2'y5Hzal}T^I3baAspi — -HiasH2/3^VpAaA^si 

3 - - - 1 

+ ^-f^la<5-f^2^7^'^^a^7<5^ " -^HipjHiaij,H2'ysT>pAaAspi 

+ ■^HiapH2^5Hip^Vf^AaAspi — HifSij,H2'fsHia^VpAaAsij,i 

_ 2 _ . 2 - 

+ Hipp_H2'ysHia-yT>pAaAsij,i — -H^apT^afbpi + -H3a/3T^a^bpi 



15 



1 1 - - - 3 

3 

9 - - - - - 

— ^FpxHiapHi^sHip^uHipX^^p^p^aSv 

3 3 

9 ___ 9___ 

+ H2af3H2a'yHiSp_hfSsh^fj, + F^fj.Hi^sH2a0hafihgs 

1 - - -1--- 

~ 2Hi^sH2al3HiavH2'^lj.hisshny — -H2al3H2^sHiafHiniyhi3p,hsu 

1 - - - - - - 

+ -^FaixHial3H2'y5H\p,vhi3~fh§i, + F^f^Hi^sH2al3hpsAaiJ. 

+ Fsfj,Hi^sH2al3hpij,Aa'y — -f^l75-ff2a/3-f^2a;i^/35^7/i 

+ H2al3H2ayHiSiJl^i^Aps — -H\-ysH2aj3H\avH2-ynhi3sApi, 

1 1 

— -^Hi^sH2al3H\avH2-ynhp,i,Ai3S + -H2al3HiSixHia-yH2'yuhf3fiAsv 

— -H2a/3H2-y5Hia'jHifj,i,hsuAi3p_ — -i?2a/3-f^la7-^26/i-^l(5;/^/37^//i/ 

1 - - - 2 

— -^H2al3Hia-yH25ixH\SvhfiuAi3^ + -H2a/3Hiajhi3j(p 

2 - 1 _ 1 - - - 

+ -Hia'yH2al3hf3j(p — -Fa.yHi^sH2aphpsV^ + ■^Fa-yHi^sH2ai3hi3S^ 
+ H2apH2a'fHiSfj,ApsA^p_ — FpnHio:l3H2^sA-yfj,AaS 

— --f^l75-f^2a/3-^lai/-^27/i^/35^/ii/ ~ 2 ■^2a/3-^275-^la7-^l;ii/^/3;i^(5i/ 
~ QH2apHia^H2Sij,HiSi,Af3^Ani, + -H2af3Hia-yAp^(f 

2 - - - 1 ___ 

+ ■^HiajH2al3Apy(p + -FayHiysH2al3Ai3S^ 

— -^Fi3sHlysH2al3Aa'y<^ + H2al3 H^a-yb /sby — -H^apHia-yHs^sbpbs 

— ■^H3ai3H2ajH3ysbpbs + -FajH^aisHsjsbpbs 

3 - - 3--1 

+ -^HiapHsa-ybjAp + -H^apHia-ybpAj + -Hifj^H2apH3asbsAj 

1---9- 

+ ■KH2al3H2a'rHl^sbf^As — -HiapAaAjs — H2al3Hia^AgA^ 
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